Proanthocyanidins (PA), the polymers of flavan-3-ols, have cardioprotective and cancer preventive properties as shown in clinical studies. The PA intake in a free-living population has not yet been reported, however. We aimed to estimate the dietary intake of PA and identify its major sources by combining the recently released and expanded USDA PA database with food consumption data of 8809 U.S. adults in the NHANES 1999-2002. U.S. adults over 19 y had a total PA intake of 95 mg/d, in the order of polymers (30%), monomers (22%), dimers (16%), 4-6 mers (15%), 7-10 mers (11%), and trimers (5%). When adjusted for energy intake, the total PA intake increased with age (P , 0.001), was higher in women than men (P , 0.01) and in alcohol consumers compared with nonconsumers (P , 0.05), and was lower in non-Hispanic blacks compared with other ethnicities (P , 0.001). Three major food sources, tea, legumes, and wines, contributed 45 mg (48%) of daily PA intake. The marked differences in PA intake among various sociodemographic subgroups need further investigation in relation to health disparities and chronic disease prevalence in the US. J. Nutr.
Introduction
Proanthocyanidins (PA), the polymers of flavan-3-ols, are also termed condensed tannins. PA are a structurally complex subclass of polyphenolic compounds that are widely distributed throughout the plant kingdom (1) . Recent interest in PA has been stimulated because of their antiinflammatory (2, 3) , antiinfectious (4), anticarcinogenic (5, 6) , and cardio-protective properties (7, 8) . These protective effects have been attributed to their capacity to scavenge free radicals and inhibit lipid peroxidation (9) (10) (11) (12) .
Fruits, vegetables, and certain beverages have been shown to be protective against chronic diseases in epidemiological studies, mainly due to their content of antioxidants such as vitamin C, carotenoids, and polyphenols (13) . Polyphenols have been documented as one of the major contributors to the antioxidant capacity of the American diet (14) . Several studies have reported the intakes of phenolic compounds (13, 15, 16) and flavanoids (17) (18) (19) (20) and that about two-thirds of the total dietary polyphenols were flavonoids (14) . Due to their ubiquity, PA account for a large fraction of the polyphenols consumed (21) . Estimated PA intake was reported by Gu et al. (22) from Arkansas Children's Nutrition Center based on the limited PA database (23, 24) .
Recently, we reported that PA accounted for 18.7% of dietary total antioxidant capacity (14) . The PA intake in the US or other parts of the world on a large scale has not been reported. In this study, we aimed to estimate the total and individual PA intake of U.S. adults. Our study protocol provides a solid basis for future research on the role of PA in reducing the risks of chronic diseases.
Materials and Methods
USDA PA database. The USDA Database for Proanthocyanidin Content of Selected Foods (USDA PA Database) (25) presents 6 subgroups of PA based on their polymerization degree: monomers, dimers, trimers, 4-6 mers, 7-10 mers, and polymers (.10 mers). This database is useful for epidemiologists and health researchers to estimate the intakes as well as to investigate relationships between intakes and reduction in the risks of various diseases. The 205 selected food items in the database include raw and processed fruits and juices, different vegetables, 4 types of wine, regular beer, and brewed tea. The U.S. adult population was further subgrouped by sociodemographic and lifestyle variables: age (19-30, 31-50, 51-70 , .70 y); gender; ethnicity (non-Hispanic whites; non-Hispanic blacks; Mexican Americans; others); poverty income ratio (ratio of the median family income over the poverty index: ,1.0, 1.0-1.29, 1.30-1.84, $1.85); alcohol consumption (yes or no to "at least 12 drinks per year?"); current smoking (yes or no to "have smoked cigarettes, cigars, pipes, or used chewing tobacco or snuff at least once during the past 30 d"); nonleisure time physical activity level (1, 2, 3, and 4; 1 stands for sitting during the day and not walking very much, 2 for standing or walking a lot during the day but not having to climb stairs or hills often, 3 for lifting light loads or having to climb stairs or hills often, 4 for doing heavy work or carrying heavy loads); exercise levels [expressed as tertiles of the metabolic equivalent of task (MET) score calculated by combining the intensity level of the leisure time activities reported, mean duration, and frequency]; and dietary supplement use (yes or no to "any dietary vitamin supplement taken during last 30 d") (26, 27) . Individual and total PA intakes were assessed by daily intake and energy-adjusted intake to represent the quantity and quality of diet. Energy-adjusted intake was calculated by dividing values by 4190 kJ (equivalent to 1000 kcal).
Food consumption data. All interviewed persons were invited to the Mobile Examination Center to complete 24-h DR, which contained the data of all foods and beverages consumed by the respondents for the previous 24 h. To minimize errors from misreporting, individuals with incomplete DR records were excluded as noted by the National Center for Health Statistics (28) .
Estimation of PA intake. We matched the NHANES 1999-2002 food consumption data with the USDA PA Database to calculate dietary individual and total PA intake following the steps described in detail in our previous publication (19) : 1) conversion of food items in NHANES DR to USDA Standard Reference codes using the food recipe book and food description data file for NHANES food codes; 2) weight adjustment using moisture content; 3) code modification using the USDA food unit conversion search program; and 4) linking the food intake data with the USDA PA Database. Individual PA intake from each food was calculated by the amount of food that was reported to have been consumed in the 24-h DR. Total PA intake was the sum of individual PA intakes.
Dietary sources of individual and total PA. We estimated total and individual PA intakes from the major dietary sources: fruits and fruit juices, vegetables and vegetable products, and beverages. Beverages were further classified into wine and tea. All participants were divided into consumers and nonconsumers, and consumers were further ranked by tertiles according to the amount consumed. Frequency of intake was collected based on these items on the FFQ: "On an average day, how many helpings of (fruit and fruit juices; vegetables and vegetable products) do you eat?" and "How often do you drink wine per month?" All participants who did not consume the food were classified as nonconsumers and all consumers were ranked by the frequency of consumption. Arithmetic means of individual and total PA intakes were determined for subpopulation groups by sociodemographic and lifestyle variables. Distributions of categorical variables were assessed by chi-square tests. ANOVA was used to test the overall differences in PA intakes by gender, age subgroups, ethnicities, income levels, alcohol consumption, smoking, nonleisure time physical activity levels, and dietary supplement use. The P-trends of PA intake by the amount and frequency of specific food consumption were tested using linear contrasts. Multiple regression analysis was performed to determine the extent to which energy-adjusted PA intake was explained by dietary behaviors and other sociodemographic factors. Independent variables of the regression model were chosen based on significant overall differences and linear trends. All values were expressed as mean 6 SE and significance was defined as P , 0.05.
Results
Estimated daily PA intake. The total PA intakes of U.S. adults over 19 y was 95 mg/d, which consisted of polymers (30%), monomers (22%), dimers (16%), 4-6 mers (15%), 7-10 mers (11%), and trimers (5%) ( Table 1) . When adjusted for energy intake, PA intake increased with age (P , 0.001) and decreased with nonleisure time physical activity level (P , 0.001) (Supplemental Table 1 ). It was higher in women than in men (P , 0.01) and in alcohol consumers compared with nonconsumers (P , 0.05) and was lower in non-Hispanic blacks compared with other ethnicities (P , 0.001).
PA intakes by food group consumption. Whether the consumption of specific food groups or foods influences total and individual PA intakes was investigated by testing the linear trends. Wine consumption was associated with individual and total PA intakes (P , 0.001), vegetables and vegetable products with intakes of all forms of PA (P , 0.01), fruits and fruit juices with oligomeric and polymeric PA intakes (P , 0.001), and tea with monomer, dimer, and trimer PA intakes (P , 0.001) ( Table  2) . The results obtained from the FFQ were consistent with those from 24-h DR ( Table 3) .
Major dietary PA sources. The major food sources of total PA intake in the U.S. diet were tea and legumes followed by wine (Supplemental Table 2 ). Tea was the major contributor to PA monomer and dimer intakes, whereas legumes to oligomeric and polymeric PA intakes.
Discussion
Estimation of daily PA intake is essential to delineate the protective roles of PA against the development of certain diseases of interest. To our knowledge, this is the first report on the estimated total PA intake in free-living U.S. adults and subgroups utilizing an extensive USDA PA database. Despite methodological differences, the mean PA intake of 95 mg/d in U. S. adults in the present study is within the ranges reported in the previous studies. The estimated PA intake excluding PA monomers in 34-to 64-y-old Spanish adults was 189 mg/d when the USDA PA Database was utilized (21) . Finnish adults 25-64 y old consumed 128 mg/d PA based on the analyses of PA content, including PA monomer in 143 food items (16) . In 2004, Gu et al. (22) reported that the mean PA intake of the U.S. population was 58 mg/d, including monomers (4.3 mg/d). The lower estimation of total PA intake (58 vs. 95 mg/d) and the contribution of monomers to total PA intake (7 vs. 22%) in Gu's study compared with those in the present study may be due to the absence of tea in Gu's study. In the present study, we found that teas are a major contributor to PA monomer intake in the U.S. diet.
We found that PA intake adjusted for energy intake was higher in women than in men and in older adults, alcohol consumers compared with nonconsumers, and people reporting higher level of exercises and was lower in non-Hispanic blacks compared with other ethnicities. We previously reported similar findings with flavan-3-ols and flavonoids intakes (except with ethnicity and exercise level) (19, 29) . Interestingly, Mexican Americans had lower flavan-3-ol and flavonoid intakes compared with other ethnicities (19, 29) but had relatively high PA intake in the present study. We attribute this difference to abundant intake of legumes, nuts, and soy by Mexican Americans compared with non-Hispanic blacks and non-Hispanic whites (30, 31) . Gu et al. (22) reported that PA intake was higher in children under 12 y, in the elderly, and in men than in women before energy intake was adjusted. A Spanish study also reported that PA intake increased with age but had no relationship with education level after age and gender were adjusted (21) . In a cohort study conducted in the US, black men had lower PA intake than white men, which was in agreement with our findings (18) .
In this study, tea was the predominant contributor to the total PA and monomer intake in particular, because catechins are the major components in tea. Green tea consists mainly of epigallocatechin gallate, epicatechin gallate, gallocatechin, and 1 Values are mean 6 SE. 2 P-values are from ANOVA. 3 Ratio of the median family income to the poverty index. A poverty income ratio # 1.30 is required to be eligible for food assistance programs. 4 Alcohol consumption: yes means consuming $ 12 drinks/y. 5 Current smoking: yes means having smoked cigarettes, cigars, or pipes or used chewing tobaccos or snuffs at least once during the past 30 d. 6 Nonleisure time physical activity level: daily activities including work, housework if a homemaker, going to and attending classes if a student, and normal activities throughout a typical day if a retiree or unemployed: 1, sitting during the day and not walking about very much; 2, standing or walking about a lot during the day but not having to carry or lift things very often; 3, lifting a light load or having to climb stairs or hills often; 4, doing heavy work or carrying a heavy load. 7 Vitamin supplement use: yes means taking dietary vitamin supplements. 8 Exercise levels, expressed as tertiles of the MET score, were calculated by combining the intensity level of the leisure time activities reported, mean duration, and frequency.
epigallocatechin (32, 33) . Recently, we reported that tea was the major source of flavan-3-ols and flavonol in the U.S. diet (29). Tea consumers had over 100 times the flavan-3-ols intake than nonconsumers (29). Bobe et al. (18) also reported that tea was the primary source of flavan-3-ol, flavonol, and PA intakes in their cancer patients. We reported that the estimated intake of flavan-3-ols through combining the USDA flavonoid database with NHANES food consumption data was 157 mg/d (29) . The higher estimation than in the present study is because the flavonoid database has 12 subgroups of tea (34); in contrast, the PA database only has 1 subgroup (25) . It is important to pay attention to food composition data and tea consumption in accurate estimation of flavonoids and PA intake, because the PA compositions in commercial teas differ tremendously based on the tea cultivars, geographic regions cultivated, and manufacturing processes (32) . In the present study, vegetables, fruits, and their products were not as good a source of PA as were legumes. Among the legumes, pinto beans and red kidney beans had the highest contents of PA, particularly oligomers and polymers (22, 35) . Wine was another good source of monomers, dimers, and polymers of PA; therefore, alcohol consumers had higher PA intakes than nonconsumers. In Finnish diets, cocoa powder and chokeberry (Aronia mitchurinii) were the major contributors to the total PA intakes (16) . In a Spanish study, apple, wine, fruit, and beans contributed most to the PA intake (except monomer intake) and wine rather than tea was the major contributor to flavan-3-ol intake (21) .
Our findings need to be interpreted based on several assumptions: first, the USDA PA Database was constructed based on U.S. representative food samples, including varying cultivars, geographic origin, growing seasons, agricultural practices, and analytical methods. Second, this study focused on PA intake, not bioavailability and metabolism in the human body or changes during processing and food preparation. Third, dietary intake data estimated based on 24-h DR might be a limitation of this study, because there is no scientific agreement on the minimum period of dietary data collection to obtain an approximation of usual intake for the PA. However, despite within-person variability, 24-h DR can produce adequate estimates of mean intake of a group that can be useful for contrasting the dietary status of the group with different levels of risk factors for certain diseases (36) . To complement this limitation and also to confirm the validity of the nutrient intake data collected from 24-h DR, we compared the data on the mean PA intake of the study participants by the frequency of PA-rich food consumption with those from 24-h DR. In conclusion, the results obtained from the FFQ were consistent with those from 24-h DR.
The results of this study demonstrated that daily PA intakes from diet were significantly different in adult subgroups having different sociodemographic characteristics and lifestyle behaviors. Thus, further research is needed to study whether the marked differences in PA intake among different socioeconomic subgroups are associated with well-documented health disparity and biomarkers in the US. The findings from this study provide sound evidence for investigating the implicated protective role of PA against risks of chronic diseases.
